Chlamydia trachomatis causes pelvic inflammatory disease, ectopic pregnancy, and reproductive disability and is the most common bacterial sexually transmitted infection in the world (4) . However, chlamydial infection is asymptomatic in most men and women infected with the pathogen (9) . Since new preventative antimicrobials could prevent chlamydial infection, there is much effort to develop microbicides and related compounds (7, 20) . Recently, a number of reports have highlighted the in vitro anti-chlamydial properties of polysaccharide-based chemotherapeutics and excipients (2, 8, 10, 19) .
Studies on the basis of the antimicrobial properties of polysaccharides highlight the need for excipientonly controls in testing the effectiveness of new antimicrobials, and contribute to our understanding of the molecular mechanism of chlamydial adhesion to polysaccharides or glycoproteins on the surface of host cells. The studies reported below are designed to interrogate the potential anti-chlamydial effects of the common polysaccharide-based excipient, hydroxyethyl cellulose (HEC) as a function of both concentration and pH.
Excipients are an inherent part of drug delivery systems for both topical vaginal medications and contraceptives and fall into four principal classes: antioxidants, preservatives, acidifying agents, and gelling agents (8) . Gelling agents are frequently polysaccharides, which are also adhesins through which bacterial pathogens bind to host cells. As such, these molecules can have competitive inhibitory effects on bacterial adhesion. However, it is possible that these excipients can play a more complex role in host-pathogen interactions. Although a number of potential host-cell adhesins have been proposed for the initial stages of mammalian infection by C. trachomatis (3, 14, 18) , it appears possible that membrane-localized calcium concentrations could also play a role in promoting infection.
In the current study, three experimental parameters were adjusted regarding the effects of a commonly used excipient, hydroxyethyl cellulose, upon infection of cervical epithelial cells Buffered pH levels used in the current study were chosen to provide a point of comparison with the work of Lampe, et al. 8 While studies performed at pH 4 also demonstrated inhibition for the
LGV/L2 serovar (data not shown), the effect was less pronounced than at pH 5 or 7.
The results obtained for the infection of HeLa cells by C. trachomatis at pH 5 ( Figure 1 ) could be explained in terms of chlamydial binding to host-cell glycolipids and glycoproteins. Using 125 Ilabeled chlamydiae, bacteria were observed to bind to phosphatidylethanolamine, asialo-GM 1 and asialo-GM 2 moities (6). Specifically, it is thought that C. trachomatis binds to the GalNAcβ1-4Galβ1-4Glc pattern. HEC utilizes a repeating Glcβ1-4Glc unit that is nonspecifically substituted with hydroxyethyl or hydroxyethoxyethyl repeats. The extent of substitution is constant between the two polymers used in this study. Given the similarity of GalNAcβ1-4Galβ1-4Glc and Glcβ1-4Glc in small collection of highly organized molecules or ions that is capable of forming a suitable template for further crystal growth. The entity formed in this process is known as the critical nucleus, which is defined by its equivalent tendency to disperse into solution or aggregate into morphologically defined crystals (11) . It has been shown that the presence of HEC facilitates the nucleation of calcium phosphate in supersaturated solutions at pH 7.4 (12) . Interestingly, when the calcium carrying capacity of HEC was studied as a function of pH, it was found that HEC promoted the mineralization of calcium phosphate at pH 7 and consequently released calcium phosphate at pH 4.8 with no significant hysteresis upon repeated cyclings of pH change, implying that HEC does not undergo chemical degradation at low pH (16) . The pH dependence of HEC-promoted mineralization indicates that increased local membrane calcium phosphate would not be expected in the experiments in Fig. 1 , but could be attained for the results shown in Fig. 2 . While the results gathered in the current study are not conclusive, the tendency for HEC to promote nucleation in a concentration-dependent manner may explain the results observed in Fig. 2 .
A C C E P T E D
While the current study was initially designed to characterize the anti-chlamydial effects of a common class of excipients, the collected data have also provided insight into factors that mediate the in vitro infectivity of C. trachomatis. While it appears likely that neutral polysaccharides such as HEC are capable of competitively interfering with adhesion, the current study emphasizes the necessity for proper buffering in vaginal excipients. The current study also highlights a heretofore neglected property of excipient components: that of providing a template for calcium phosphate nucleation.
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